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INVITED COMMENTS
“All things must have a usefulness; that is certain.
Since electricity must have a usefulness, and we have
seen that it cannot be looked for either in theology
or in jurisprudence, there is obviously nothing left
but medicine.”
Johann Gottlob Krüger, University of Halle, 1743
Bioelectric phenomena are intrinsic to the vital
function of all living tissue. Characteristically, the
electric currents associated with cells are produced
and propagated by the rapid flux of ions across the
plasma membrane, which, in the process, dramati-
cally alters the membrane potential in less than a
thousandth of a second. In this manner, cells in the
nervous system communicate with one another with
the transmission of afferent signals for the process-
ing of information associated with vision, audition,
and tactile senses and efferent signals for control of
muscle contraction, heart rate, and humoral release.
Likewise, electrical signals propagate through skele-
tal and smooth muscle fibers for the initiation of
reactions, which mediate both voluntary and invol-
untary muscular contraction.
Bioelectric currents associated with living tissue
were first measured in the 1830s. However, it was
not until Waller’s1 historic experiments in 1887 that
the potential clinical impact of this phenomena
would be anticipated by the measurement of the
electrical potentials generated by the heart with
cutaneous electrodes. This first electrocardiogram
and the identification of a basic electrical rhythm of
the heart was followed by the discovery of underly-
ing rhythmic electrical activity in the brain with the
recording of the first electroencephalogram in the
1920s and the subsequent characterization of a basic
electrical rhythm associated with the gastrointestinal
tract. Alterations in electrical activity may be pro-
duced by a variety of pathologic conditions, and it is
of particular interest that the basic electrical rhythm
of the small bowel decreases within minutes of arte-
rial ischemia and well before the development of
irreversible ischemic damage.
Although electrical currents of the brain and heart
can be measured successfully with cutaneous elec-
trodes, surgical implantation of electrodes on the
bowel surface has been the only reliable method 
of recording gastrointestinal electrical activity.
Intestinal bioelectric activity is far weaker than that of
the heart or brain and, although the use of trans-
cutaneous electrodes has been investigated, distortion
of the waveforms and frequency spectra by interven-
ing layers of tissues has been a major factor limiting
the development of electrode-based technology of
sufficient sensitivity for noninvasive measurements.
An alternative approach to the direct recording of
electrical potentials by the use of electrodes is a strat-
egy based on the measurement of the coupled bio-
magnetic field. Electric current flow is always associ-
ated with the generation of a magnetic field, and, in
general, by measuring the direction and amplitude of
the magnetic field, it is possible to determine the cur-
rent source. Significantly, magnetic fields are not
affected by the conductivity differences of tissue, and
thus, although magnetic field strength falls propor-
tionally to the square of the distance from the bipo-
lar source, it is not attenuated by tissue layers as are
electric potentials. Further, direct contact with tissue
is not necessitated for the measurement of a magnet-
ic field. Overall, excellent correlation in the measure-
ment of electrical signals has been noted between
these two techniques. Nonetheless, a major disad-
vantage in the use of biomagnetic signals as a means
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of determining the underlying electrical activity of a
tissue has been their extremely low amplitude. For
example, the strength of the magnetic field generat-
ed by the human heart, which is large compared with
the magnetic field produced by other organs, is 10
million times smaller than the earth’s magnetic field
and that produced by the brain is a billion times
smaller. Thus, despite more than 100 years of
research in the area of bioelectric activity, it was not
until the early 1960s that the first biomagnetic sig-
nal, the magnetocardiogram, was first detected.2 The
sensitivity of these measurements was greatly
improved with the subsequent introduction of the
superconducting quantum interference device
(SQUID), which facilitated the recording of a mag-
netoencephelogram in 1970,3 and the magnetic field
of a single nerve bundle by John Wikso in 1980.4
Clinical interest in the measurement of biomag-
netic fields produced by the heart, brain, and nerve
fibers has been driven by the promise of obtaining
information with spatial and temporal resolution that
could otherwise only be determined with intraopera-
tive electrode mapping. For example, the noninvasive
measurement of somatosensory evoked magnetic
fields allows for the visualization of the propagated
compound action currents deep inside the body. This
facilitates the three-dimensional localization of focal
slowing or blocks of conduction in patients with
acute nerve root lesions. By combining this function-
al data with anatomic imaging, it is anticipated that
perioperative planning for the treatment of these and
other problems will be significantly improved.
In this issue of the Journal of Vascular Surgery,
Seidel and colleagues5 document their ability to detect
changes in the basic electrical rhythm associated with a
free-lying section of small bowel in an animal model of
acute superior mesenteric artery occlusion. A reduc-
tion of intestinal electrical activity was detected within
minutes of arterial occlusion, and blinded observers
were able to differentiate normal from ischemic data
samples with a sensitivity of 94% and specificity of
100%. All of these experiments were performed non-
invasively with rapid data analysis by measuring cou-
pled intestinal magnetic fields. It is worthwhile to note
that this group has previously reported that similar
techniques can be used to measure the characteristic
gastrointestinal electrical activity in healthy human vol-
unteers.6 As is well recognized, the sudden appearance
of severe abdominal pain is the only consistent feature
of mesenteric ischemia. Specific abnormal laboratory
values are not present during the early phase of
ischemia, and, more often than not, the development
of leukocytosis, metabolic acidosis, or elevated serum
levels of amylase or alkaline phosphatase are indicative
of irreversible infarction. Even the most experienced
clinician’s assessment of intestinal ischemia is incorrect
in 30% of cases, and, as a consequence, the attendant
morbidity and mortality rates of all forms of mesen-
teric vascular insufficiency continue to be extremely
high.7 Thus, although significant barriers remain in
the successful application of SQUID technology to the
early diagnosis of intestinal ischemia, including cost
and the necessity of a magnetically shielded room, and
the minimum amount of ischemic bowel necessary for
detection with this technique has not yet been defined,
the Vanderbilt group has taken an important step in
demonstrating the potential feasibility of this strategy.
As a competing technology, nuclear magnetic
resonance (NMR) methodologies also offer the
promise of improving our ability to noninvasively
detect ischemic bowel. NMR data, displaced as spec-
trums or as images, are dependent on the interaction
between an externally applied magnetic field with
individual atomic nuclei, such as 1H, 13C, 31P. It
bears emphasis that the principle of this technique is
fundamentally different than that described in the
present report, which is based on the measurement
of an intrinsic biomagnetic field. Of relevance to
interstinal ischemia, NMR techniques have been
used to monitor the anaerobic metabolism and pH
of cells and tissues.8 Low sensitivity and a necessity
for the use of isotope-enriched compounds remain
limitations in the application of this approach.
With the exception of ischemic syndromes charac-
terized by closed loop obstruction, it is unlikely that
noninvasive detection of basic electrical rhythm abnor-
malities will obviate the need for anatomic imaging,
either in the form of conventional or magnetic reso-
nance angiography. Further, the ability to rapidly
implement this technology will be mandatory to avoid
an unnecessary operative delay. Nonetheless, the
guesswork in the diagnosis of intestinal ischemia or the
need for a “second-look” procedure may well be min-
imized or eliminated in the not too distant future by a
careful examination of one of the basic rhythms of life.
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Please see the related article by Seidel et al on
pages 309-9.
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